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In the preceding, 
The field equations can be simplified as follows:
which can be directly solved through the use of (4) The radicals must be internally positive in these solutions. For each such higher order wave of order n, a cutoff frequency may be determined by setting the radical equal to zero. One form of phase shifter can be constructed as illustrated in Fig. 5 . This is a stripline version, but microstrip models are also possible.
Here a relatively wide stripline is used, but three separate dielectric media are involved.
The central zone is filled with ferrite, the left side of the conductor is terminated in a low-dielectricconstant region (such as air) and the right side in a high-dielectric-constant ceramic (such as Rutile). The analysis should include some estimate of the effects of the fringing fields, as these are quite significant here. The approach is to modify the model into an analyzable geometry which is intuitively deduced to be approximately equivalent.
The model chosen is illustrated in Fig. 5(b) . Here a simple rectangular region is is divided into three zones, one air, one ferrite, and one
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For zone II 1, where the dielectric constant is e, 62> q, the phase velocity will be faster than the velocity of light in that material.
We require fast-wave solutions with sinusoidal x variations. Again, if x = O at the magnetic wall, 
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In the preceding, equations for the edge admittances have been given without regard to proper orientation with respect to the coordinates for our model of Fig. 5 .
Lookin,g outward from zone 1, the edge admittance of the air-filled zone will be inductive, and that of the dielectric-filled zone will be capacitive if the width c' is narrow.
Equations (41) and (42) are used to find the propagation constants TV and y., using (49) and (53) for the edge admittances Yzz and Ysz. Using the same computer program as under Case 3, plots were obtained of the normalized propagation constant ju for assumed lossless conditions, with the parameters given in Table 11 .
Plots of the normalized propagation constant Pu are given in Fig. 6 . Here values are shown for the dominant mode and the first-order mode over the frequency range 1-10 GHz. The two values given are for the two directions of propagation assuming a constant magnetization, or alternately, are for the same wave direction, assuming that the magnetization has been reversed.
V. FRINGING-FIELD APPROXIMATIONS

A. Stri@ne Geometry
This section applies to devices as shown in Fig. 2 by ,0.100 in were used. As in Fig. 5 , the center conductor extended into air on one side and ceramic dielectric on the other side. Steel plates were used as ground planes, and a magnetic coil was added for field control.
The coil contained 80 turns.
Step-type impedance transformers were used for approximate matching to 50-Q lines. Fig. 10 shows data of phase shift versus coil current for three different frequencies, always starting at negative values of current.
One case also shows the returning characteristic, illustrating the effect of magnetic hysteresis in the materials used. We have plotted the change in electrical length "rather than angles. This is the length '" change of an air-filled trombone coaxial line, used to maintain balance in the phase bridge used. '""~so It will be noted that the length change is nearly con- 
